Objective: To define target populations for sports injury prevention programs.
INTRODUCTION
In 1986, the Dutch Ministry of Welfare, Public Health and Cultural Affairs, postulated that Ôhealth is the primary virtue in life,Õ thereby actively stimulating a healthy lifestyle through sports. The government also stated that sports injuries, being the negative side effect of sports participation, should not be disregarded. To counteract this negative effect by means of preventive programs, the extent and nature of the sports injury problem need to be identified to define target groups for prevention. [1] [2] [3] In general, to describe the extent of the sports injury problem, absolute numbers and relative risks and data on the severity and costs of sports injuries are used. 4 Age and gender (being intrinsic risk factors of sports injuries) are used to discriminate between risk groups. The nature of sports injuries focuses on the description of localization, diagnosis, and other characteristics of sports injuries. Furthermore, knowledge on causal factors from in-depth studies among specific cohorts within sports is used to define the content of intervention/ prevention programs. 5 The effectiveness of these programs should be judged by repeated estimation of the nature and extent of the injury problem using trend analysis, or based on randomized controlled trials. 6, 7 To continuously monitor the nature and extent of sports injuries in the Netherlands, the Dutch government actively supports the documentation of sport injuries as part of an ongoing survey called Injuries and Physical Activity Netherlands (IPAN). This survey is primarily used to identify high-risk sports activities among age and gender groups; it is also used to evaluate the time trends of injury prevention campaigns. 8 The present study aimed to identify the high-risk age-, gender-, and sports-specific subgroups that would be eligible to receive special attention in sports injury prevention programs. Identification of high-risk subgroups is based on the absolute and relative contribution to sports injuries in the Netherlands. To achieve this, the most recent age-, gender-, and sports-specific estimates of the incidence and incidence rates in sports injuries are calculated. Medical treatment as an indicator of severity and the associated costs of medical treatment and work absence are also assessed with the data from the IPAN survey.
MATERIALS AND METHODS

Population
Data were obtained from the national survey IPAN, covering 6 years (2000-2005) of continuous registration. Using random digit dialing, each day during the evening a random sample of residential or undisclosed telephone numbers from the 2000-2005 Dutch population (average population size n = 16 119 000) was dialed to contact participants. Using this computer-assisted telephone interview method, the goal was to dial sufficient telephone numbers to achieve an average of 27 interviews each day. Three attempts were used before the number was listed as Ôno contactÕ. Telephone numbers were excluded if during the initial contact they appeared to be associated with a company. A telephone number known to have provided a successful interview was excluded from the sample for a period of 2 years. A random number, based on the number of persons within a family, was chosen by the computer to select 1 family member for the interview. Proxy interviews were made in case the family member was younger than 12 years.
The exclusion criteria were institutionalization as a result of old age, physical or mental handicap, and language problems (5% of the Dutch population).
The sporting population was divided into 4 age categories, which also distinguished between adolescents (4-17 years) and adults (18+ years). The latter group was further divided into 2 subgroups (about equal in size) split at the age when many adults decided to switch from competitive to recreational sports activities: 18-34 years and 34-54 years. Because of the specific attention given to seniors during nationwide physical activity and sports programs, the 55+ age category represents the fourth age group.
In the Netherlands, no approval is required from an ethics committee for this type of research.
Definitions
In the present study, the following definitions were used: Sports activity: physical activity, according to the respondent to be associated with the term ÔsportsÕ. Mind sports are excluded.
Sports participant: a respondent confirming that he/she had been active in any kind of sports activity at least once during the past 3 months.
Sports injury: physical damage of a musculoskeletal nature, sustained in the recall period as a result of a sudden event during a sports activity or as a result of a gradual process related to sports activity.
Medical treatment: an injury diagnosed and/or treated by any of the following persons involved in health care: general practitioner, medical specialist, sports physician, dentist, physical therapist, occupational physician and ambulance personnel, or treatment at an emergency room (ER) of a hospital.
Analysis
With the first day of the recall period always set at the beginning of a month, the length of the recall period was (on average) 3.5 months. First, we estimated the annual number of injuries (n injuries) and sports participants (n participants) and their total time at risk to sustain an injury (n hours of sports per year derived from the average sports exposure per week). Subsequently, the sports injury incidence rates (SIRs) were calculated as follows: SIR = (n injuries 3 10 000)/n hours sports:
Injury statistics are presented only if cells contain at least 20 injuries. In each annual sample, deviations from the total Dutch population in terms of age, gender, educational level, family size, and urbanization were adjusted using weighting procedures. Sports participation was weighted at the respondent level to estimate the total sports participation. Respondents with multiple sports injuries were additionally weighted to obtain national estimates on sports injuries. The percentages of injured sports participants and SIRs are based on weighted data. Pearson x 2 at a significance level of P # 0.05 was used within the ''top 10'' sports contributing most to sports injuries to test differences in the proportion of medical injuries. Similarly, the effect of gender and age categories as well as the effect of gender within age categories were tested on the proportion of medical injuries. Nonoverlapping Poisson confidence intervals (CIs) were used to test age-related and gender-related differences in SIRs. All costs associated with injuries were calculated using a model frequently applied in the Netherlands. 9 
RESULTS
Of a total of 173 000 telephone numbers called, 29% did not lead to any contact to arrange an appointment for the interview. Of all initial contacts (N = 127 000), 3% were not available for an interview. Another 4% of the contacts were ineffective as a result of language problems. Due to old age and physical or mental handicap, 2% of the contacts did not lead to an appointment for an interview. Also, despite an appointment for the interview, 4% could not be contacted after all.
At the start of the interview, 43% of the respondents refused to continue. During the interview, 2% did not wish to proceed or finalize the section about sports participation. Hence, 55% (N = 58 405) of the interviews were finalized completely.
A total of 28 695 subjects were registered as being a sports participant. During the (approximately) 3.5-month recall period, 1 or multiple injuries were reported by 1397 sports participants (957 males and 440 females). Using the weighted data, the population estimates indicate that each year an average of 1 507 000 (95% CI, 1 430 000-1 588 000) of the 7 950 000 sports participants were injured (ie, 19%); of these, the majority was male (68%).
Of all injuries, 50% needed medical treatment. Table 1 shows the age-specific distributions of injuries in males and females. The age category contributing most to the absolute injury volume was ,18 years among the females and 18-34 years among the males; 7% of all injuries were registered among participants aged older than 54 years. Table 2 shows that the SIRs per 10 000 hours were highest in males aged 18-34 years and in females aged 4-17 years. Overall, the incidence rates in males were higher than that in females, but both males and females share the lowest SIRs in the 55+ age category. No age-specific difference in the percentage of medical treatment was found, but injuries were more often treated medically in females than in males (P = 0.016). This was mainly attributable to the fact that among females aged 35-54 years, 62% of all the injuries were registered as being medically treated compared with 47% among males (P = 0.009). Table 3 shows the top 10 sports that contributed most to the absolute number of sports injuries. These 10 sports accounted for 69% of all sports injuries and for 69% of all medically treated injuries. Indoor soccer had the highest SIR with 55 injuries per 10 000 hours of sports participation; basketball came second with 32 injuries per 10 000 hours. The combined percentage of medically treated injuries in outdoor soccer, tennis, and skiing/snowboarding was significantly higher compared with the remaining 7 sports from the top 10 sports in Table 3 (P , 0.02). Table 4 shows the ''top 3'' sports contributing to medically treated sports injuries within our age and genderspecific categories. As the 55+ age category made only a minor contribution to sports injuries in terms of the absolute numbers and had low incidence, incidence rates, and low percentages of medically treated injuries (Tables 1 and 2) , we decided not to include that age category when defining target groups for injury prevention; therefore, the 55+ group is excluded from Table 4 .
On average, 67% of all medically treated injuries were covered by the top 3 sports within each of the gender-specific age categories. Among males in the 4-17 years old category, outdoor soccer, skiing/snowboarding, and gymnastics are considered as the top 3 sports.
In males, outdoor soccer is also part of the top 3 in the 18-34 years and 35-54 years categories. As a triple top 3 member, a total of 98% (28%+57%+13%) of the medically treated injuries is accounted for among male outdoor soccer. On the other hand, in gymnastics, all medically treated injuries in males are confined to the 4-17 years old category.
As can be seen, basketball and fitness do not rank high in any of the categories. Gymnastic injuries rank high only in the youngest age category; also, most of the gymnastic injuries were related to physical education (78% of all gymnastic injuries and 85% of all medically treated gymnastic injuries).
Direct costs associated with medical treatment were estimated at V170 million per year (at 2003 price levels). Indirect costs (related to work absence) were associated with 11% of all sports injuries and were estimated at an annual V420 million; 95% of these indirect costs were related to medically treated injuries. Of all costs associated with absence from work, 66% was accounted for by the following 9 sports from Table 4 : outdoor soccer, tennis, running/jogging, indoor soccer, skiing/snowboarding, field hockey, gymnastics, volleyball, and equestrian. These 9 sports combined also accounted for about 70% of all direct costs (Figure 1 ).
DISCUSSION
The present study provides unique data on age-and gender-specific sports injuries in different types of sports collected during a continuous nationwide survey on sports participation injuries and sports injuries. During the 6-year survey, 51% of the total Dutch population reported to be active in sports. Almost 1 of 5 sports participants sustained a sports injury per year.
This study showed that a substantial part of (medically treated) injuries was confined to a specific subset of sports, within certain age and gender cohorts ( Table 4 ). Two-thirds of the injuries, two-thirds of the volume of medical treatment and work absence, and two-thirds of the total costs associated with the sports injuries were covered by 9 sports performed by males and females in 3 of the 4 defined age categories (ie, excluding those aged 55+ years).
The results show that outdoor soccer, running/jogging, skiing/snowboarding, field hockey, tennis, and gymnastics can be considered as target sports among both males and females. A specific subset of 4 sports from Table 4 (outdoor and indoor soccer, field hockey, and volleyball) shared a more than average number of injuries per 10 000 hours of sports and accounted for 41% of all sports injuries.
These findings offer good prospects for sports injury prevention programs within a restricted number of target groups. Some target groups can be characterized as participants in team ball sports and will probably share a similar number of risk factors. This offers ample opportunity to efficiently apply similar prevention programs for both males and females within various types of sports. One example could be an intervention program on core stability; such an intervention will be tested on its cost-effectiveness in soccer during the 2009-2010 soccer season.
In contrast to the top 10 listed in Table 3 , the data in Table 4 do not define basketball and fitness as target sports. However, others have emphasized the importance of basketball in relation to sports injury problems because of its high incidence rates. 1, 3, 10 Although the present study also revealed high incidence rates in basketball, this sport (like fitness) did not emerge as one of the top 3 sports dominating the medically treated injuries within our population categories.
Equestrian, not appearing in the top 10 in Table 3 , was included as the ninth sport in Table 4 because it showed a marked concentration of medically treated injuries in the female age category of 18-35 years. Although equestrian is considered a low-risk sport, a substantial number of the equestrian injuries are of a serious nature. In the Netherlands, as much as 6% of all sports injuries treated at the ER are related to equestrian, ranking it the number 3 sports activity requiring ER-related treatment (Consumer Safety, LIS Report 2007, Amsterdam, the Netherlands; unpublished data, January 2007).
In the age group ,18 years, we have defined gymnastics as a target group for injury prevention. Most of these injuries are associated with physical education activities (as opposed to gymnastics at, eg, sports clubs); moreover, physical education ranks number 2 of those sports activities requiring ER-related treatment (Consumer Safety, LIS Report 2007, Amsterdam, the Netherlands; unpublished data, January 2007). Both these findings underline the importance of high-quality physical education.
Surveys are characterized by several advantages and disadvantages. The most prominent shortcoming is their retrospective nature, possibly causing recall bias. As a result, an underestimation of the number of less severe (and nonmedically treated) injuries generally occurs. Nevertheless, a recall period of 1-3 months (similar to our selected period) is recommended for registration of nonfatal musculoskeletal injuries 11 and is certainly preferable to a longer period. 12, 13 Also, compared with prospective studies, cross-sectional and retrospective studies using surveys are not suitable to detect risk factors in sports injuries. 14, 15 However, with discriminating variables such as age, gender, and type of sports, surveys are able to differentiate between high-risk and low-risk or high-volume and low-volume groups in sports injuries. 2 Nationwide surveys obtain data from a random sample of the entire population. Although our sample size (n = 10 000 participants per year) is one of the largest among known surveys on sports injuries, it still suffers from a small number of registered injuries within some particular sports; important changes in these latter sports (both in an absolute or relative sense) may therefore remain (statistically) unrevealed.
Despite relatively large CIs of the sports injuries treated at the ER, the annual estimates in IPAN (N = 170 000) were consistently comparable to the estimates from the Injury Surveillance System of the Dutch Consumer Safety Institute. 4, 10 The Injury Surveillance System is specifically designed to estimate the numbers of ER-treated injuries in the Netherlands. This comparison suggests that IPAN is a suitable instrument to identify target populations for sports injury prevention.
Recent large-scale studies on sports injuries suggest that injury incidence in sports declines with age. 3, 16 In our survey, this trend was particularly evident in females, but less so in males. Among women, the incidence and incidence rates per 10 000 hours of sports decreased with age, being 5 times higher among the youngest compared with the oldest women. As a consequence, among females, the youngest age category (,18 years) was also associated with most of the medically treated sports injuries; most of these injuries were associated with field hockey, volleyball, and gymnastics. Nevertheless, among the injured females aged 35-54 years, the percentage of medically treated injuries was remarkably high compared with males in the same age category (62% females vs 47% males; P = 0.026). Among males, incidence and SIRs were highest in the group aged 18-34 years; this latter group had the highest percentage of medically treated injuries (51%), and most of these injuries were related to outdoor soccer (53%) and indoor soccer (8%).
Ueblacker et al 17 reported a trend of rising numbers of sports participants in Germany, particularly because the elderly population is becoming more active in sports. We found a similar trend in the Netherlands, with the largest increase in the age category ,18 years and in those aged 55 years and older ( Figure 2 ). However, in the 55+ group, because of the relatively small contribution to the absolute number of sports injuries, the low percentage of medically treated injuries, and the low SIR, current sports participation in this older age group can be considered as ÔsafeÕ in relation to nonfatal musculoskeletal sports injuries. However, because this 55+ population may be at risk for cardiac problems during sports activities, various campaigns (eg, ÔHeart for SportsÕ of the Royal Netherlands Football Association) do promote the distribution of automated external defibrillators to sporting sites to reduce the number of fatal cardiac accidents in sports.
Studies on sports injuries have reported a higher incidence and SIRs among males than among females. 3, [18] [19] [20] [21] Schneider et al (using a 12-month recall period) also found males to be more at risk than females; they stated that prevention should mainly focus on male sports participants. 16 The common finding of an increased contribution of males to sports injuries, despite the fact that methods vary significantly between studies (eg, different duration of recall, prospective or retrospective, and continuous or a 1-time survey), is best described by Gabbe et al 22 : ''. and reflects the nature of male sport/recreation activities, as well as the potential for increased risk-taking behavior by men.'' In the present study, and in the first IPAN study, 9 similar results were found; on average, about 2 of 3 sports injuries involved males. Also, the incidence and SIRs were about twice as high in males compared with females.
Although certain aspects are comparable, a detailed comparison between the published international surveys is difficult. For example, in a study from Finland, the data were gathered by means of a repeated retrospective method. 2 From the Finnish data, we were able to calculate a 46% annual incidence of sports injuries in a sports population older than 15 years; in our survey, the incidence in this age group was only 19%. Calculating the Finnish gender-specific incidence, we found a 3 times higher incidence in their female population compared with a similar population of females in the Netherlands. In the Finnish study, SIRs in males and females were up to 3 times higher than those in the present study. Such large differences can probably be attributable to significant differences in the survey methods used. 17, 20, [23] [24] [25] [26] In addition, historical, demographic, geographical, and cultural differences may also influence various aspects of sports participation. All this together could, to some extent, explain why such large differences in the overall injury incidence are reported in different countries.
In the present study, we focused on quantitative sport injury characteristics in specific target groups. Some qualitative characteristics of sports injuries in the IPAN survey, such as the type of injury, the injured part of the body, the circumstances and mechanisms (indoor vs outdoor, contact vs non-contact, etc.), and the extent and the precise nature of the injuries, still need to be investigated within each of the target populations.
CONCLUSIONS
Our results indicate that target groups for injury prevention programs are those sports that make a substantial contribution to the absolute number of injuries, that have a high risk of injury, and a high level of injury severity, among both male and female sports participants. In the present study, 66% of all sports injuries are accounted for by 9 specific sports. These are among men-outdoor soccer (4-54 years), tennis and running/jogging (35-54 years), indoor soccer and field hockey (18-34 years), and skiing/snowboarding and gymnastics (4-17 years) and among women-volleyball (18-54 years), skiing/ snowboarding and equestrianism (18-34 years), tennis and running/jogging (35-54 years), and outdoor soccer, field hockey, and gymnastics (4-17 years). Of these 9 sports, 6 are targets for both male and female sports participants. However, more specific information is needed about the cause of injury and the various options for prevention to make such programs specific enough to achieve the maximum effect. Such information can only partially be derived from surveys and should also be obtained from well-designed prospective studies.
